Abstract: The increase in the penetration of ultraviolet radiation that has been reported lately for freshwater ecosystems in southern South America would allegedly generate alterations in ecological processes. In this respect the mortality of Parabroteas sarsi, a calanoid copepod distributed in South American lakes and ponds, was studied. Specimens were reared at two different concentrations of dissolved organic carbon and subjected to 72 h exposure to artificial ultraviolet radiation. At high dissolved organic carbon concentration the mortality of P. sarsi increased at 24 h and stabilized at 48 and 72 h, whereas at low dissolved organic carbon concentration mortality increased linearly during the studied period. The results support both the description of a screen effect of dissolved organic carbon against ultraviolet radiation, and the potential photorepairing role of visible radiation that explains the increase of mortality in conditions of low dissolved organic carbon concentration.
Introduction
The increase in penetration of ultraviolet (UV) radiation, caused by a decrease in stratospheric ozone, has been reported recently. In South America, this phenomenon was mainly studied in Patagonia (Cabrera et al. 1995; Villafañe et al. 2001 ) and in some mountains in the tropical zone (Villafañe et al. 1999; Helbling et al. 2002) . Changes in UV radiation penetration, including alterations in freshwater ecosystems, result in physiological changes in planktonic organisms, which are reflected in protective and reparative responses (Hebert & Emery 1990; Villafañe et al. 2001) . Dissolved organic carbon is a natural protective resource against UV radiation; it is able to absorb different wave lengths within the UV spectrum (Morris et al. 1995) and thus can act as a protective factor for the plankton Rautio & Korkhola 2002a, b; De los Rios 2005a) .
The presence of shallow ponds without fish populations with high concentrations of dissolved organic carbon was reported for water bodies of southern Patagonia (Morris et al. 1995; De los Rios 2005b; De los Rios & Contreras 2005) . In contrast, in southern Patagonia there are also great lakes with a notorious low level of dissolved organic carbon (Soto & Campos 1995; Morris et al. 1995; De los Rios & Soto 2006) . The zooplankton assemblages in these water bodies is characterized by the presence of large sized and pigmented zooplankton species such as the calanoid copepods Boeckella popei (Mrázek, 1901) , Parabroteas sarsi (Mrázek, 1901) and the daphnid Daphnia dadayana (Paggi, 1989) (Modenutti et al. 1998; Villafañe et al. 2001; De los Ríos 2005b) . In these species, pigmentation generates strong tolerance to UV radiation exposure (Zagarese et al. 1997a, b; Villafañe et al. 2001; De los Rios 2005a) . A different situation was observed for transparent zooplankton species that are typical of large and deep lakes; they are more vulnerable to exposure to UV radiation and generate negative phototaxis to UV radiation (Van Gool 1998; Leech & Williamson 2000 Tartarotti et al. 1999 Tartarotti et al. , 2000 Vareshi & Wübben 2001; Villafañe et al. 2001) .
Parabroteas sarsi, a large calanoid copepod (total length: 7.0 mm) is a typical species of shallow water bodies of southern South America and Sub-antarctic islands (Modenutti et al. 1998; Pugh et al. 2002; De los Rios & Contreras 2005) . The species is an active predator of small zooplankton individuals, e.g., small cladocerans or juvenile copepods (Modenutti et al. 1998) .
In the present study, the efficiency of dissolved organic carbon, as a protective screen against UV radiation for the survival of P. sarsi was determined experimentally by monitoring at two different concentrations during 24, 48 and 72 h.
Material and methods
The experiment was carried out in the Photobiology Laboratory of the Comahue National University in Bariloche, S Argentina. A water sample with high concentration of dissolved organic carbon (DOC) was collected in Escondido c 2007 Institute of Zoology, Slovak Academy of Sciences Lake and another water sample with low concentration of DOC was collected in the Gutierrez River, an effluent of the same named lake (Table 1 ; see also Morris et al. 1995) . Both water bodies belong to the Bariloche region with numerous oligotrophic lakes that are characteristic of relatively low DOC concentrations, except Escondido Lake with a high DOC concentration (Morris et al. 1995) . Due to these characteristics, waters of Escondido Lake and Gutierrez River (a short effluent of the lake of same name) were used in previous experiments considering that both lake and river have very similar chemical characteristics, that were optimal for the preparation of zooplankton experiments (De los Rios 2004 , 2005a . All water samples were filtered at 60 µm for the removal of rotifers and small zooplankton crustaceans. The values of DOC concentrations in the water of Escondido and Gutierrez lakes are given in Table 1 . Both sites have similar trophic and chemical characteristics (Pedrozo et al. 1993) . Adults specimens of Parabroteas sarsi were collected from a temporary pond located in the Rio Negro province, Argentina (Juncos pond, 41
• 04 S, 71
• 00 W; Menu-Marque & Balseiro 2000). Prior to the experiments, the collected specimens were acclimated in the waters of Gutierrez River and Escondido Lake for 48 h at 5
• C under 12 : 12 h light : dark photoperiod. The light period was between 06:00 PM to 06:00 AM; illumination was achieved by means of two 120 m fluorescent bulbs (Philips daylight TLT 40W/54RS). Parabroteas sarsi were feed with small zooplankton (bosminid cladocerans and juvenile cladocerans) ad libitum. Although P. sarsi does not inhabit the Gutierrez lake or Escondido Lake, the species can be found in transparent, oligotrophic and deep lakes (Riessig et al. 2004 ) that are similar to the investigated water bodies (Quiroz & Drago 1999) .
The experiment was carried out in six high density 600 ml plastic beakers; the experimental design included two treatments, with three plastic beakers with 500 ml water of Gutierrez Lake and three plastic beakers with 500 ml water of Escondido Lake, both treatments were considered as low and high dissolved organic carbon respectively (De los Rios 2004 , 2005a . The plastic beakers were exposed to UV light by means of two fluorescent bulbs "Q-panel 340", located at a distance of 20 cm from the plastic beakers. This distance from the light sources was considered sufficient as it was effective to simulate some effect of UV radiation on experimental animals (Zagarese et al. 1997a ). The illumination conditions were 12 h of UV exposure (from 06:00 PM to 06:00 AM), without exposition to natural light, at 8
• C constant temperature. The plastic beakers were inoculated with 10 live P. sarsi individuals. The experiment was set up at 06:00 PM and finished 72 h later when the dead individuals per treatment were counted. At 24, 48 and 72 h of the experimental period, copepod mortality in each treatment was established. Behaviour patterns of specimens were not observed during the experiments. Regression analysis was applied to calculate the respective equations, using the software package Statistica 5.0 (www.statsoft.com)
Results and discussion
The experiments revealed a low percentage of mortality in both treatments. This would indicate strong tolerance of P. sarsi to exposition to UV radiation, which is consistent with data in literature (Tartarotti et al. 2004; De los Rios 2005a) . Direct correlation between mortality of P. sarsi was shown (Table 2 , Fig. 1) ; a logarithmic trend at high DOC concentration (Fig. 1) and a potential trend at low DOC concentration (Fig. 1) . Although DOC can generate a potential screen effect against UV radiation (De los Rios 2004 , 2005a , it is possible that the interactions between UV radiation and DOC generate oxidants and free radicals (Reche et al. 1998 ). This possibility was investigated in field studies in the northern hemisphere by Hessen et al.(1999) who revealed the dual role of substances such as melanine, mycosporine like aminoacids or carotenoids: their protective role against UV radiation and antioxidant role to avoid the damage generated by free radicals originating from the interaction between UV radiation and DOC. Nevertheless, the effect caused by free radicals was not observed in the present study, because low mortality at high DOC concentration was denoted (Fig. 1) . 
P. De los Ríos
Experiments at high DOC concentration denoted an increase in mortality at 24 h and its stabilization at 48 and 72 h, probably due to lack of visible radiation and generating of photoprotective responses (Zagarese et al. 1997a) . UV radiation would cause increase of mortality at 24 h, but later the situation was resisted by the photoprotective strategies of P. sarsi (Tartarotti et al. 2004 ; Fig. 1 ). The effect of UV radiation at high DOC concentration markedly differed from the effect observed at low DOC concentration (Fig. 2) . In contrast with experiments on B. antiqua, P. sarsi and D. dadayana under exposition to artificial UV radiation with visible radiation (De los Rios 2005a), mortality ofP. sarsi does not differ at the two DOC concentrations. The differences between the results of the two studies could be explained by the fact that in the present study the effect of visible radiation having a photorepair effect (Zagarese et al. 1997a ) was not considered. The previous study used Q-panel light and included UV-A wave length, while in the present study the results were obtained under exposure to UV radiation and show a mortality increase during the study period (Fig. 1) . The obtained results would indicate that P. sarsi probably exhibits photorepairing responses keeping mortality rates low. This was especially true in the low DOC treatment (Fig 1) . The results of this study are also supported by the experimental evidence of De los Rios (2005a) who exposed P. sarsi individuals to UV radiation and visible light under controlled conditions; here the copepods were not affected significantly by exposition to UV radiation. Similar evidence for photorepair effect in the presence of light was obtained for high UV radiation tolerant species of shallow Patagonian water bodies, such as B. gibbosa (Zagarese et al. 1997a, b) and B. brevicaudata (Zagarese et al. 1997a ). Different results were obtained in experiments with the non pigmented species B. gracilipes (Zagarese et al. 1997a) where, in the presence of visible light, no photorepair effect was observed, and other external photoprotective resources to avoid mortality are needed (Zagarese et al. 1997a; De los Rios & Soto 2005) . These results revealed high mortality at low DOC concentration under conditions of exposure to UV radiation, and were similar to those obtained for cladocerans of the genus Daphnia in the northern hemisphere . Species of the genus Daphnia are dominant in the zooplankton of lakes in the northern hemisphere (Gillooly & Dodson 2000) , whereas zooplankton in water bodies of southern South America is mainly characterised by the dominance of calanoid copepods (Soto & Zuñiga 1991; Zagarese et al. 1998a; Gillooly & Dodson 2000; De los Rios & Soto 2006) . The evidence of the effects of exposure to UV radiation on calanoid copedods of the Boeckella genus, on the basis of experimental and field works, denotes that zooplankton species of large and deep lakes with fish populations are vulnerable to exposure to UV radiation (Zagarese et al. 1997a, b; Tartarotti et al. 2000 Tartarotti et al. , 1999 . In contrast, species of the Boeckella genus inhabiting shallow water bodies are more tolerant to UV radiation (Zagarese et al. 1997a, b; 1998a, b, c; De los Rios 2005b; De los Rios & Soto 2006) . The exposition to UV radiation in shallow Patagonian water bodies is enhances due the exposition to strong winds that generate mixing of the whole water column and exposing all planktonic living organisms to different levels of UV radiation (Zagarese et al. 1998a, b) . The results of this study indicate that P. sarsi is tolerant to exposition to UV radiation, and are consistent with other similar studies on calanoid species of water bodies of the southern part of South America (Zagarese et al. 1997a, b; De los Ríos 2004 , 2005a . Moreover, P. sarsi is more tolerant to UV radiation at starvation conditions ( (Zellmer 1998 (Zellmer , 1996 De los Ríos 2005a; De los Ríos & Soto 2005 .
